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7. Appendices

Appendix 1. Technical aspects
of vascular imaging

Computed tomography angiography
The contrast agent for computed tomography angiography (CTA)
is injected through a peripheral vein with an 18 G needle. The risks
include the usual ones for contrast medium, particularly contrast
allergy. Patient preparation for CTA is similar to that in other
contrast-enhanced studies and includes the disclosure of infor-
mation on contrast risks and an assessment of renal and thyroid
function. A slice thickness of 1–3 mm is desirable for all CTAs.
Table 1 lists the main CTA parameters for imaging the great vessels.

Contrast administration has to be tailored to each patient to
achieve optimum enhancement of the targeted vascular region,
irrespective of whether the arterial or the venous phase appears
important. Power injectors are needed with pre-defined flow
rates of 3–5 mL/s. This is followed by injection of isotonic saline
solution at the same rate. The saline flush provides rapid contrast
medium inflow, keeps the bolus compact, and prolongs the plateau.
If the complete vascular structures are imaged, a biphasic injection
protocol can be followed. The initial injection includes 4 mL/s and
the next 2–3 mL/s.

A test bolus injection is important, in order to assess the circu-
lation time of the patient and to start the computed tomography
(CT) data acquisition in time. Usually a bolus of 20 mL is used.
Scans are taken at specific intervals, usually every 2 s. Many CT
scanners have automated bolus triggering built into their systems,
thereby avoiding the need for a test bolus.

For the imaging of peripheral arteries, electrocardiogram (ECG)
gating or triggering is not necessary except for visualization of
the supra-aortic vessels. Both prospective ECG triggering and
retrospective ECG gating are possible.

CTAs are analysed interactively on the basis of the combination
of axial images and post-processed views. The latter consist
mainly of multiplanar reformatting and maximum intensity projec-
tions, which allow imaging according to an angiogram-like appear-
ance. Special analytical software provides sectional images that
are precisely orthogonal to the vessel axis and can be used for

quantification. The exact location and extent of abnormalities is
determined with multiplanar use. Three-dimensional (3D) con-
structions using surface- or volume-rendering techniques help
to depict complex 3D relationships and are helpful in the presen-
tation of abnormalities. In addition, measurement of CT densities
is helpful in the differentiation of tissue and vessel structures.1,2

Positron emission tomography/computed
tomography
Modern imaging has developed to include a combination of differ-
ent imaging techniques in order to provide information not only on
vessel diameters and structures but also on metabolic or inflamma-
tory processes. In more and more institutions the combination
of positron emission tomography (PET) with multislice CT has
become available. Very high resolution CT is used to identify the
exact location of abnormalities, and [18F]fluorodeoxyglucose
(FDG) is used to determine areas of inflammation.

CT images are acquired with 130 mA, 130 kV, a section width of
5 mm, and a table feed of 8 mm per rotation after defining the scan-
ning area for CT and PET on a CT tomogram. Single-section whole-
body spiral CT is performed, starting at the upper thigh and scanning
in a caudocranial direction to the scull base, subsequently covering
the pelvis, abdomen, chest, and neck, up to the base of the skull. A
limited breath-hold technique is used to avoid motion-induced arte-
facts in the area of the diaphragm. Whole-body CT can be used for
attenuation correction without the use of intravenous contrast
material to avoid hardening artefacts in the mediastinum and to
identify possible hyperdense intramural haematoma.

The PET system has an axial field of view of 15.5 cm per bed
position and an in-plane spatial resolution of 4.6 mm. PET images
cover the same field of view as the whole-body CT scan and are
acquired 60 min after administration of 350 MBq of FDG. The
tracer is chosen as the best-evaluated tracer in PET imaging to
detect inflammation-induced elevated glucose metabolism.

Patients are instructed to fast for a minimum of 6 h prior to
tracer injection. In addition, blood samples are collected immedi-
ately before the injection of the radioactive tracer to ensure
blood glucose levels are within the normal range.

The acquisition time of PET is adapted according to the weight
of the patient, using 3 min per bed position for patients up to
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65 kg, 4 min per bed position for patients up to 85 kg, and 5 min
per bed position for patients weighing .85 kg. The FDG uptake
is quantified as the maximal standardized uptake value
(maximum SUV—correlated to body weight). CT data are used
for attenuation correction of the PET images.

After the PET/CT scan an additional contrast-enhanced CT scan
covering the chest and abdomen is obtained. For this, up to
120 mL of an iodinated contrast agent is administered according
to a standardized protocol using an automated injector. Injection
starts with a delay of 50 s for the first 70 mL with a flow rate of
3 mL/s. After that, the remaining 50 mL is administered with a
flow rate of 1.5 mL/s.

The separate CT and PET data sets are afterwards accurately
co-registered using special workstations.

Magnetic resonance imaging
For magnetic resonance imaging (MRI), high-performance scanning
is used with a high signal-to-noise ratio and rapid data acquisition.
Morphological and functional studies require at least a 1.0 Tesla
system. In recent years 3.0 Tesla systems have been employed
for imaging, and 7 Tesla systems are used to study vessel wall struc-
ture. To increase the resolution, special phased-array surface coils
are placed directly on the body, which provide a homogeneous
magnetic field over a large area.

The first step in patient preparation is the explanation to the
patient about the procedure and the assessment of all contraindica-
tions including cardiac pacemakers, implantable cardioverter defi-
brillators, neurostimulators, cochlear implants, and first-trimester
pregnancy. Relative contraindications include claustrophobia,
intracranial aneurysm, metallic foreign objects, and second- or

third-trimester pregnancy. Without intravenous contrast injection,
time-of-flight angiography and phase-contrast angiography can be
used to image the vascular bed. The problem is, however, that the
intraluminal signal is dependent on complex flow effects. In addition,
respiratory movements and cardiac motion in the chest lead to
motion artefacts. T1-weighted 3D sequences were developed,
acquiring a complete data set in ,30 s. The sequences can be
acquired during a single breath-hold. The heavy saturation of
flowing spins requires the use of an effective T1-shortening contrast
agent to produce an intraluminal signal that is very bright in compari-
son with the background.3 – 5 The enhanced intraluminal signals are
independent of flow phenomena, so that contrast-enhanced MRI
reaches the diagnostic accuracy of digital subtraction angiography.

Different pulse sequences are available for image acquisition.
Image contrast can be manipulated by varying the design and differ-
ent variables of pulse sequences, including repetition time, echo
time, and flip angle. The image contrast can also be varied by
combining basic sequences with preparation pulses (fat saturation,
inversion recovery, saturation recovery).

The speed of data acquisition depends critically on the
performance of the gradient system. The goal is to shorten the
repetition time and the echo time as much as possible. Partial
Fourier techniques, zero filling, and parallel level imaging have
become established techniques for accelerating data acquisition.
Parallel imaging requires multiple coil elements for signal detection
and a corresponding number of interconnectable receiver channels.

The standard pulse sequence for contrast-enhanced MRI is a
spoiled 3D T1-weighted gradient echo sequence, which provides
rapid imaging with acceptable resolution and coverage, enabling
the images to be acquired during breath-holds. The 3D acquisition
provides high resolution, with spatial resolution across the image
plane and no breaks between the initial partitions.3 A spoiled
sequence is one in which all residual transverse magnetizations
are destroyed before the next excitation. This increases the T1
weighting of the sequence and increases the contrast between
the blood vessels and surrounding tissue.6 The extracellular
contrast agents that have been approved for clinical use are
low-molecular weight hydrophilic gadolinium chelates such as the
open-chain-complex gadolinium DTPA (Magnevist, Bayer Schering
Pharma), gadodiamide (Omniscan, GE Amersham Buchler), and
the neutral macrocyclic agent gadobutrol (Gadovist, Bayer Scher-
ing Pharma). These contrast agents shorten the T1 relaxation
time of the blood to values between 30 and 80 ms4,5. It is sufficient
to administer 0.1–015 mmol/kg or a total dose of 20 mL with
acquisition times of 15–25 s.7,8

Currently, contrast agents have been developed that remain in
the ‘blood pool’, which allows the examination of various regions
without the need for additional contrast injections.

The current recommendations of the German Society of
Radiology are listed in Table 2.

For successful contrast-enhanced magnetic resonance angiogra-
phy (MRA) of the vessels, acquisition of the 3D data set should
coincide with the arrival of the contrast bolus in the vessels of
interest. Strategies for bolus timing include the test bolus measured
as well as the manufacturer-specific automated or semi-automated
techniques. The main advantage of the test bolus measured is that
it does not require special hardware or software.

Table 1 Scan parameters for CTA of the great vessels

Scan volume

Thoracic aorta
Diaphragm up to and including the supra-aortic 
branches.

Pulmonary artery
Diaphragm to pulmonary apex.
Pulmonary embolism: at least from the aortic 
arch to the diaphragmatic surface of the heart.

Necessary 
views or 
planes

Transverse slices; multiplanar reformatting if 
needed.

Collimation ≤3mm

Slice thickness ≤3mm

Field of view Adapted to course of vessel.

Matrix ≥512

Image 
acquisition /
 reconstruction

Spiral technique is essential.
ECG gating is obligatory only for imaging the 
aortic root; otherwise ECG is not essential

Contrast 
medium

Automated injection pump (ßow rate ≥2 mL/s)
Intravascular enhancement ≥200 HU

CTA ¼ computed tomography angiography; ECG ¼ electrocardiogram.
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A breakthrough for imaging has been the development of the
‘Angiosurf’ and ‘Bodysurf’ techniques.9,10 The rolling platform
with extended field of use allows a whole-body vessel examination
without repositioning, which was previously necessary, in order to
bring cranial and caudal body parts into the centre of the magnet in
succession. An alternative is to cover the patient with coils, from
the head to the toe, using several dozen simultaneous receiver
channels and multiple plaques for attaching several radar frequency
coils when a table range of 200 cm is available. The high number of
simultaneous receiver channels allows parallel imaging.11 The
current craniocaudal field of view is limited to 40–50 cm depend-
ing on the homogeneity of the main magnetic field related to the
length of the magnet and bore diameter.12

Based on the ‘Angiosurf’ MRA approach, a fairly comprehensive
combined protocol can be used, which accomplishes the depiction
of the head, thoracic, and all peripheral arteries from the carotids
to the ankles (Figure 1).13,14

The whole vessel and organ protocol
In order both to assess the vascular system and to detect organ
damage, a special whole-body vessel and organ protocol has been
developed.13 Three different examination parts are used: the head,
the heart, and the whole-body arteries. After pre-contrast imaging
of the brain, whole-body MRA is acquired after intravenous contrast
injection, using circular polarized head array coils and spin array coils
integrated into the scanner table, as well as body array coils

positioned anteriorly to the patient. Cardiac MRA is completed by
cinematic imaging of myocardial contractility. In addition, a T1
sequence of the brain uses a contrast agent, which has to be
applied. This step increases sensitivity for potential organ failure as
well as helping to characterize consistent lesions. The time needed
to conduct all three aspects of the examination is ,40 min.12

Appendix 2. Extracranial carotid
and vertebral artery disease

Measurement of carotid stenosis severity
Two different measurement techniques of internal carotid artery
stenosis are shown in Figure 1. For the purpose of this document
the NASCET criteria were used.

Techniques of carotid endarterectomy
Shunting
Temporary interruption of cerebral blood flow can cause neuro-
logical damage, which can be avoided by using a shunt and may
also improve the outcome. Currently there is insufficient evidence
from randomized controlled trials to support or refute the use of
routine or selective shunting during carotid endarterectomy
(CEA). There is also little evidence to promote one form of neuro-
logical monitoring over another in selecting patients who require a
shunt during CEA.

Figure 1 Magnetic resonance angiograms of a 66-year-old man,
showing diffuse atherosclerosis, upper and lower extremity
disease, carotid, and renal artery stenosis.

Table 2 Imaging protocols for contrast-enhanced 3D
MRA of the great vessels

Coil
Target-volume-adapted surface 
receiver coil system

Imaging volume

Thoracic aorta: diaphragm up to and including 
the supra-aortic vessels.
Pulmonary arteries: diaphragm to the apex 
of the lung.

Slice location Depends on the clinical question.

Scan parameters:
  Slice thickness
  FOV
  Maximum pixel size
  Weighting sequences

1.5Ð4 mm
≤480 mm
≤1.9 x 2.7 mm²
T1, spoiled 3D gradient-echo sequence

Respiratory triggering Breath-hold technique

ECG triggering
Optional; useful in investigations of the 
ascending aorta.

Intravenous contrast 
agent (Gd chelate)

0.1Ð0.2 mmol/kg body weight, injected at
2Ð4 mL/s

Additional 
requirements

Test bolus or bolus tracking.
Analysis of source images and reconstruction.

Post processing
Optional: multiplanar reformatting, maximum 
intensity projection, volume rendering, 
subtraction.

ECG ¼ electrocardiogram; FOV ¼ field of view; MRA ¼ magnetic resonance
angiography.
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Patch angioplasty
Carotid patch angioplasty (either prosthetic or vein patch) may
reduce the risk of carotid artery restenosis and subsequent
ischaemic stroke when compared with CEA with primary
closure. A Cochrane review included seven trials on this
subject.16 In general, the quality of the trials was poor. Carotid
patch angioplasty was associated with a reduction in any type of
stroke and a reduced risk of pre-operative arterial occlusion and
decreased restenosis during follow-up. A more recent randomized
trial confirmed the restenosis rate, but could not find any
difference in the rate of perioperative complications.17

There has been no relevant evaluation between the use of
selective patch angioplasty vs. primary angioplasty.

Among different studies, the differences between the outcomes
with different patch materials are too small to draw any conclusion
about which patch material is superior.

Type of endarterectomy
Normally a CEA is performed using a longitudinal arteriotomy.
Eversion CEA employs a transverse arteriotomy and reimplantation
of the internal carotid artery on the common carotid artery. It is
suggested that eversion CEA is associated with lower perioperative
stroke and restenosis rates. In several trials there was no significant
difference in stroke and death rate between eversion and
conventional CEA techniques.

From a Cochrane analysis, it can be concluded that eversion
CEA may be associated with lower risk of (sub)acute occlusion
and restenosis.18 Reduced restenosis rates were not associated
with clinical benefit with regard to reduced stroke risk.

Operator experience and outcomes in
carotid artery stenting
Several single-centre experiences have described the impact of a
learning curve for carotid artery stenting (CAS), with decreasing
event rates over time.19–21 In the Predictors of Death and
Stroke in CAS (PRO-CAS) registry (n ¼ 5341), centres performing
≤50 CAS procedures per year had a complication rate of 4.6%,
while those treating .50 patients per year had an event rate of
2.9%. Centres with a total experience of 50, 51–150, and .150
CAS procedures had death or stroke rates of 5.9, 4.5, and 3.0%,
respectively. In multivariable analysis, a total CAS volume of
51–150 and of ≤50 cases were independently associated with
an increased death or stroke rate when referred to the event
rate of centres with a total experience of .150 cases (ORs 1.77
and 1.48, respectively).22

With respect to the randomized CAS vs. CEA trials, the
CArotid and Vertebral Artery Transluminal Angioplasty Study
(CAVATAS) investigators described a marked decrease in event
rates associated with endovascular carotid revascularization in
the two centres with the greatest experience, with a stroke rate
decreasing from 11% in the first 50 patients assigned to endovas-
cular treatment to 4% in those treated subsequently.23 While no
information is available on total CAS centre or operator volume
in the Stent-Protected Angioplasty versus Carotid Endarterectomy
(SPACE) study, a significant increase in the CAS complication rate
was observed with a decreasing number of patients enrolled in the
endovascular arm per centre. The complication rates were 4.9, 9.4,
and 12.1%, respectively, in centres enrolling ≥25 patients, 20–24
patients, and ,20 patients.24

In the Endarterectomy Versus Angioplasty in Patients with
Symptomatic Severe Carotid Stenosis (EVA-3S) trial, no difference
in outcomes was reported among patients treated by intervention-
ists with a lifetime experience of .50 CAS, ,50 CAS, and
investigators-in-training. However, this analysis was limited by the
fact that 45 out of 261 patients undergoing CAS in the trial
were treated by operators with a lifetime experience of at least
50 CAS.25 In the International Carotid Stenting Study (ICSS),
non-supervised and supervised centres had similar event rates.
However, investigators with a lifetime CAS experience of ≥10
CAS were able to treat patients with no supervision.26 In addition,
centres enrolling ≥50 patients had lower rates of CAS-related
death, stroke, or myocardial infarction than centres with lower
recruitment rates (11.0% vs. 7.1%).

Figure 1 Differences between NASCET and ECST measure-
ment trechniques of internal carotid artery stenosis. Reproduced
with permission from Donnan GA et al. Lancet 1989;351:1372–
1373.15
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So far, the best results for CAS in a randomized trial—for both
symptomatic and asymptomatic patients—have been obtained in
the Carotid Revascularization Endarterectomy vs. Stenting Trial
(CREST), a study that mandated treatment of patients in a roll-in
phase for centres with inadequate CAS experience.27

Overall, available evidence from single-centre experiences,
registry data, and subgroup analyses from randomized trials
support the notion that experience does play a major role in
CAS outcomes. The benefit is probably conveyed by optimal pro-
cedure management and, equally important, appropriate patient
selection.28

Vertebral artery stenting
The prospective, multicentre Stenting of Symptomatic Athero-
sclerotic Lesions in the Vertebral or Intracranial Arteries
(SSYLVIA) study enrolled 61 patients with vertebral artery (VA)
disease, of whom 18 included the extracranial VA.29 In this sub-
group, two patients (11%) suffered a stroke at 1 year after stenting.
Restenosis rates were high: six of 14 (43%) patients who under-
went repeat angiography had a restenosis .50% at 6 months.

The largest series on extracranial VA stenting described 112
consecutive endovascular procedures in 105 symptomatic patients
over a 12-year period. The procedure was performed almost
exclusively with bare-metal stents in the absence of embolic pro-
tection device (EPDs). Technical success was 100%. Periprocedural
complications included one flow-limiting dissection, two bleedings
requiring transfusion, one access site complication, and one transi-
ent ischaemnic attack (TIA).30 No periprocedural stroke occurred.
At 30 days, vertebrobasilar stroke occurred in two patients, and at
1 year in an additional three patients (total stroke rate at 1 year,
4.8%). While the restenosis rate was not reported, the rates of
target vessel revascularization and sustained symptom resolution
at a median follow-up of 29 months were 13% and 70%, respect-
ively. It needs to be noted that there was no control group in this
observational study.

Overall, multiple small series of stenting of extracranial VA
stenoses reported a technical success of at least 95%; periproce-
dural stroke was absent in most of the series, occurring in ,5%
in all of them. Restenosis appears to be frequent after stenting in
this vascular site. Its true incidence is unknown because the
follow-up of most series was not systematic and the reported rest-
enosis rate varied considerably (3–52%). Drug-eluting stents are
being evaluated, but data on their use in the VA are still sparse.

Appendix 3. Upper extremity
artery disease

Table 1 Differential diagnosis in upper limb ischaemia
and arteries affected

Cause Subclavian Axillary Brachial Forearm Hand

Atherosclerosis •
Thoracic outlet 
syndrome •

Giant cell arteritis • • •
Takayasu arteritis • •
Radiation artery 
Þbrosis • •

Embolism • • • •
Fibromuscular 
dysplasia • •

BuergerÕs disease • •
Ergotism • •
Connective tissue 
disease • •

Cytotoxic drugs •
Arterial drug 
injection •

Diabetes •
Myeloproliferative 
disorders •

Hypercoagulation •
Cryoglobulinemia •
Repetitive trauma •
Vinyl chloride 
exposure •

Iatrogenic laesions • • • • •
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Appendix 4. Renal artery disease

Table 1 Pivotal controlled randomized trials and meta-analyses

Trial name/meta-analysis Acronym Authors Journal/year Outcome and remarks

Blood pressure outcome of 
angioplasty in atherosclerotic renal 
artery stenosis: a randomized trial

EMMA31 Plouin PF, 
Chatellier G, 
Darne B, et al.

Hypertension 
1998

Primary EP: hypertension control.      
Result: trend towards better BP control after PTA. 
Limitation: Small numbers (23 patients in drug arm vs. 26 in PTA arm).

Randomized comparison of 
percutaneous angioplasty vs 
continued medical therapy 
for hypertensive patients with 
atheromatous renal artery stenosis

SNRASCG32 Webster J, 
Marshall F, 
Abdalla M, 
et al.

J Hum Hypertens 
1998

Primary EP: hypertension control.        
Result: difference in BP was 26/10 mmHg in favour of PTA (P = ns). 
Subgroup of bilateral RAS: sign. 
BP drop in PTA group (P < 0.05).  Limitations: small study cohort (55 
patients), stenoses >50% included.

Arterial stenting and balloon 
angioplasty in ostial atherosclerotic 
renovascular disease: a randomized 
trail33

Van de Ven 
PJG, Kaatee 
R, Beutler JJ, 
et al.

Lancet 1999 Technical success: 57% (PTA) vs. 88% (stent). 
Restenosis rate: 48% (PTA) vs. 14% (stent).

The Effect of Balloon Angioplasty 
on Hypertension in Atherosclerotic 
Renal-Artery Stenosis

DRASTIC34 Van Jaarsveld 
BC, Krijnen P, 
Pieterman H, 
et al.

N Engl J Med 2000 Primary EP: difference in BP response at 12 years. 
Result: mean daily drug dose signiÞcantly lower in the angioplasty group 
(2.1±1.3 vs. 3.2 ± 1.5, P < 0.001). No difference in BP control.  
Limitation: interpretation hampered by 44% crossover rate to balloon 
angioplasty (44%) in the drug group.

Revascularization versus medical 
therapy for renal artery stenosis

ASTRAL35 Wheatley K, 
Ives N, Gray 
R et al.

N Engl J Med 2009 No evidence for clinically important beneÞt from revascularization in 
patients with atherosclerotic renovascular disease. 

Balloon angioplasty or medical 
therapy for hypertensive patients 
with atherosclerotic renal artery 
stenosis? A meta-analysis of 
randomized controlled trials.36

Nordmann 
AJ, Woo K, 
Parkes R, 
Logan AG

Am J Med 2003 Pooled analysis of DRASTIC, EMMA, and SNRASCG (206 patients 
overall). 
Result: signiÞcantly better systolic and diastolic BP after PTA.

The beneÞt of STent placement and 
blood pressure and lipid-lowering 
for the prevention of progression 
of renal dysfunction caused by 
Atherosclerotic ostial stenosis of the 
Renal artery

STAR37 Bax L, 
Woittiez AJ, 
Kouwenberg 
HJ, Mali PTM, 
Buskens E, 
et al.

Ann Intern Med 
2009;16;150:840Ð8, 
W150Ð1. Epub 
2009 May 4.

Primary EP: reduction in creatinine clearance >20% compared with 
baseline.
140 patients followed-up for 2 years with extended follow-up to 5 years. 
Result: 16% in stent group and 20% in medication group reached the 
primary EP. 
Limitations: the study was underpowered to provide a deÞnitive 
estimate of efÞcacy. Only 46/64 patients assigned to stenting received a 
stent. 

Prospective randomized trial of 
operative vs interventional treatment 
for renal artery ostial occlusive 
disease

RAOOD38 Balzer KM, 
Pfeiffer T, 
Rossbach S, 
Voiculescu A, 
Mšdder U, 
Godehardt E, 
Sandmann W

J Vasc Surg 
2009;49:667Ð74

Single-centre study. 
Primary EP: composite of complications and durability. 
Fifty patients (25 per group) with RAS >70% with follow-up >4 years. 
Results: procedure-related morbidity was 13% in interventional group 
and 4% in surgical group. Four-year follow-up mortality was 18% in 
interventional group and 25% in surgical group. Both groups showed 
signiÞcant improvement in blood pressure (P < 0.001 in each group) 
and improvement in or stabilization of renal function. Freedom from 
recurrent RAS (>70%) was achieved in 90.1% of surgical group and 
79.9% of interventional group.

BP ¼ blood pressure; EP ¼ endpoint; GFR ¼ glomerular filtration rate; NS ¼ not significant; PTA ¼ percutaneous transluminal angioplasty; RAS ¼ renal artery stenosis.
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Appendix 5. Multisite artery disease

Table 1 Summary of 30-day clinical results of associated CEA and CABG in recently published papers

Study n Pts/year Death (%) Stroke (%) MI (%) Death/stroke (%)

 Naylor R et al. 39 7863 - 4.5 4.5 3.9 8.4

 Kolh PH et al. 40 311 22 6.1 5.5 2.2 11.6

Hill MD et al. 41 669 - 4.9 8.5 - 13.0

Brown KR et al. 42 226 - 6.6 12 - 17.7

Dubinsky PM and Lai SM 43 7073 - 5.6 4.9 - 9.7

Byrne J et al. 44 702 28 - - - 4.4

Kougias P et al. 45 277 12 3.6 2.8 0.7 7.4

Char D et al. 46 154 26 3.9 3.9 - 7.8

Cywinski JB et al. 47 272 25 5.2 5.2 2.9 12.4

Ricotta JJ et al. 48 744 - 4.4 5.1 - 8.1

Timaran CH et al. 49 26, 197 - 5.4 3.9 - 8.6

CABG ¼ coronary artery bypass graft; CEA ¼ carotid endarterectomy; MI ¼ myocardial infarction; Pts/year ¼ average number of patients treated per year at a single centre

Table 2 Summary of 30-day clinical results of staged or simultaneous CAS and CABG in recently published papers

Study n Pts/year Death (%) Stroke (%) MI (%) Death/stroke (%) EPD (%) CABG timing

Ziada KM et al. 50 56 10 5.4 1.8 3.3 7.1 14 Staged

Kovacic JC et al. 51 20 - 0 5 5 5.0 38 Staged

Randall MS et al. 52 52 7 13.5 5.8 - - 69 Staged

Mendiz O et al. 53 30 3 10 0 3.3 10.0 42 Simultaneous

Versaci F et al. 54 101 15 2.0 2.0 0 4.0 100 Simultaneous

Van der Heyden J et al. 55 356 47 3.7 3.1 2 4.8 40 Staged

Timaran CH et al. 49 887 0 5.2 2.4 - 6.9 - -

CABG ¼ coronary artery bypass graft; CAS ¼ carotid artery stenting; EPD ¼ use of embolic protection devices; MI ¼ myocardial infarction; Pts/year ¼ average number of
patients treated per year at a single centre.

Table 3 Time course of adverse events in staged CAS followed by CABG

Study n After CAS, prior to CABG (%) After CABG (%) Total (%)

Death Stroke MI Death Stroke MI Death/stroke/MI

Ziada KM et al. 50 111 3.6 1.8 0 1.8 0 3.6 7.1

Kovacic JC et al. 51 23 0 5 0 0 0 5 5.0

Randall MS et al. 52 51 5.8 0 1.9 7.7 5.8 - 19.2

Van der Heyden J et al. 55 356 0.3 1.4 0.6 3.4 1.7 1.4 4.8

CAS ¼ carotid artery stenting; CABG ¼ coronary artery bypass graft; MI ¼ myocardial infarction
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